Undergraduate research experiences have been shown to enhance the educational experience and retention of college students, especially those from underrepresented populations. However, many challenges still exist relative to building community among students navigating large institutions. We developed a novel course called Entering Research that creates a learning community to support beginning undergraduate researchers and is designed to parallel the Entering Mentoring course for graduate students, postdocs, and faculty serving as mentors of undergraduate researchers. The course serves as a model that can be easily adapted for use across the science, technology, engineering, and mathematics (STEM) disciplines using a readily available facilitator's manual. Course evaluations and rigorous assessment show that the Entering Research course helps students in many ways, including finding a mentor, understanding their place in a research community, and connecting their research to their course work in the biological and physical sciences. Students in the course reported statistically significant gains in their skills, knowledge, and confidence as researchers compared with a control group of students, who also were engaged in undergraduate research but not enrolled in this course. In addition, the faculty and staff members who served as facilitators of the Entering Research course described their experience as rewarding and one they would recommend to their colleagues.
INTRODUCTION
Working closely with an experienced researcher and engaging in the challenge and excitement of scientific discovery is often a transformative experience for undergraduate students (McGee and Keller, 2007) . The benefits of undergraduate research experiences are numerous, well documented, and include increases in research skills, productivity, and preparation for postgraduate education (Kardash, 2000; Hathaway et al., 2002; Bauer and Bennett, 2003; Seymour et al., 2004; Hunter et al., 2007; Lopatto, 2007; Russell et al., 2007) . Indeed, studies such as the Boyer Commission Report on Educating Undergraduates in the Research University and the Teagle Report from the American Society for Biochemistry and Molecular Biology (ASBMB) acknowledged the benefits of undergraduate research, and recommended research-based learning as the standard model for college education (Boyer Commission on Educating Undergraduates in the Research University, 1998; ASBMB, 2008) . More recently, the National Academies Bio 2010 Report stated that, "All students should be encouraged to pursue independent research as early as is practical in their education" (National Research Council, 2003) . As a result of these and other studies, numerous colleges, universities, and funding agencies have invested significantly in expanding undergraduate research opportunities (Boyd and Wesemann, 2009) .
Although the benefits of undergraduate research experiences are well known, students still face many challenges when beginning research and often lack the support they need to ensure success. Such challenges include 1) learning how to identify and appropriately contact potential research mentors, 2) transitioning from the classroom to a learning environment built around a research community, and 3) learning how to integrate into the social structure of the research community. These challenges can be especially overwhelming for those from nonacademic backgrounds, who may not be familiar with the culture of research (e.g., first-generation college students), and for underrepresented minority students, who may feel isolated or intimidated by the behavioral norms of the research environment (Brown, 2006; Boyd and Wesemann, 2009 ). Importantly, undergraduate research experiences have been shown to be effective in recruiting and retaining these populations of students within the science, technology, engineering, and mathematics (STEM) disciplines, often leading to careers in research (Villarejo et al., 2008) . Therefore, helping students overcome these challenges is important in our efforts to diversify the scientific research workforce.
In this article, we describe the development, implementation, and evaluation of a course for undergraduate students called Entering Research that focuses on helping students navigate the challenges of beginning research. This course provides a portal to research for undergraduate students, as well as a supportive community of peers and experienced researchers as course facilitators. Students who participate in the course are expected to attend class (1 h/wk) in addition to spending five to 15 h a week doing independent research with a mentor. In this 3-yr study (2006 -2008) , we first evaluated student self-assessment of their confidence, skills, and knowledge after completing one semester of Entering Research. In addition, we compared students taking this course with a control group also conducting undergraduate research, but not enrolled in Entering Research. Based on previous work, we assumed most students would benefit from conducting undergraduate research, but hypothesized that their experience would be enhanced by coupling this research experience with the supplemental course Entering Research. This enhancement would manifest itself in greater confidence, skills, and knowledge relative to when the students began the course and compared with a control group.
Development and Implementation of the Entering Research Course
Large, public research institutions such as the University of Wisconsin-Madison (UW-Madison) serve thousands of undergraduate students. Although campuses, like UW-Madison, typically offer a handful of undergraduate research programs that serve 100 -200 students, a support structure with the capacity to serve all students does not exist. Consequently, the students who engage in undergraduate research tend to be those who are targeted by select programs, or those who already possess the confidence, skills, and knowledge they need to navigate a large research-focused university system on their own. The Entering Research course was developed to address these challenges and, through dissemination to individual departments, support a larger number of students to engage in research experiences.
The primary goals of the Entering Research course are to create a supportive learning environment to introduce students to the culture of research, to teach students valuable skills needed to become effective researchers, and to alleviate some of the work of faculty and lab personnel associated with mentoring novice student researchers. The course is designed to help students find a research mentor, explore the culture of research, write a research project proposal, and begin doing research. Students informally share their research experiences and learn about the diversity of experiences available through their peers. The "content" of the workshops comes from the students, and their engagement in the weekly, hour-long discussions is key. The course facilitator provides a framework for the discussions, relevant background reading materials, and structured assignments designed to help students develop positive relationships with their research mentors, define themselves as a member of the research community, and understand and communicate their research. The student learning objectives for the Entering Research course are presented in Figure 1 and the course outline is presented in Figure 2 . Each semester consists of 14 1-h weekly sessions, for which students earn one credit. The course is taught in several small sections of five to 10 students each.
The Entering Research course was developed using an iterative approach of design, evaluation, and revision in partnership with 13 faculty/staff members and two postdoctoral fellows from 10 different biological and physical science departments across three colleges at UW-Madison. Summative student assessments coupled with facilitator feedback were used to develop a comprehensive facilitator's manual containing the instructional materials for course implementation, purposefully using a format that can be easily deconstructed and adapted for a range of settings (Branchaw et al., 2010) .
In this study, we have focused on the first semester of the Entering Research course, which was taught every fall between 2006 and 2008 and enrolled 83 undergraduate students in total. The course has gained popularity with 55 students enrolled in fall 2009. The majority of participating students (70%) were sophomores.
METHODS
At the beginning (pre) and end (post) of each fall semester (2006 -2008) , students enrolled in the Entering Research course completed an online survey aimed at assessing student satisfaction and learning outcomes. In addition, these students were asked to rank their confidence, skill, and knowledge as a researcher on a Likert scale, as well as respond to a series of open-ended questions. The surveys were modified from surveys used previously to evaluate undergraduate research experiences independently of this course (Handelsman et al., 2005; Pfund et al., 2006) , and they included 14 questions pertaining to confidence, 14 questions pertaining to skill, and five questions pertaining to knowledge.
In addition, to determine the impact of the first semester of the Entering Research course, we used a "static-group" design (Fraenkel and Wallen, 2003) . This design compared the students enrolled in the Entering Research course (also engaged in undergraduate research) with a group of similar undergraduate students (2008) who were not taking this supplemental course, but who were likewise required to conduct undergraduate research as part of an introductory biology course. The survey response rates for the Entering Research group and comparison group were 77% (64/83) and 39% (144/373), respectively. The respondents from the Entering Research group were 59% female and 22% were members of underrepresented ethnic groups. The respondents from the introductory biology group were 60% female and 4% were members of underrepresented ethnic groups.
The same postsurvey was administered to both groups at the end of the semester. As articulated in Lapatto (2004), establishing a creditable control group is fraught with difficulties including the self-selective qualities of the institutions, personal motivations of the students themselves, and the variation in amount and intensity of one research experience to another. Because our study examined the effects of a supplemental course on undergraduate research and did not directly assess the undergraduate research experience itself, we avoided or were able to control for many of these confounding factors. The quantitative and qualitative responses from this comparison were combined and analyzed for reoccurring themes and significant differences.
Mean differences in the data from the Entering Research students who responded to both the pre-and postsurveys, as well as the comparisons with the control group, were each analyzed using two-way analyses of variance. Each question was analyzed as a main effect along with academic year. In addition, all interactions between year and question were assessed; if an interaction was significant, the main effects were interpreted relative to year. If interactions were not significant, each question was assessed (and reported) between pre-and postassessments or between students enrolled or not enrolled (relative to postassessment comparisons) in the Entering Research course. All effects were considered significant at ϱ ϭ 0.05 by using SAS statistical software (SAS Institute, Cary, NC).
In addition to the quantitative analysis, students enrolled in the Entering Research course were asked to answer the following open-ended questions regarding their first-semester experience:
1. What aspects of this course have helped you most? 2. Has this course helped you navigate your lab experience?
If so, how? 3. Have your views on science or research changed over the semester? If so, how?
We used a directed content analysis of these qualitative data to identify recurring themes (Hsieh and Shannon, 2005) . Lastly, the facilitators of the Entering Research course were surveyed at the end of each semester (2006 -2008) . Seven of the 15 facilitators were women and all were Caucasian. Facilitators were asked to rate the value of 10 different course components, the 14 topics discussed in the course, the course instructional materials including the facilitation materials (Branchaw et al., 2010) , as well as the facilitation experience itself. This survey also was based on a survey used previously to evaluate facilitator experience (Pfund et al., 2006) .
RESULTS

Student Evaluation of the Entering Research Course
Overall, postexperience course evaluations revealed that students valued the first semester of the Entering Research course, because they rated all of the topics covered in the course as helpful to their learning ( Figure 3 ). Learning about ethics in research, small group discussions with their peers, and the process of developing a research project proposal were rated as most helpful among students. Students ranked web-based discussions and visiting peer laboratories lowest among the 20 survey questions regarding course satisfaction: no question received an average score of not helpful.
After the qualitative data were compiled and analyzed, five reoccurring themes were identified. Each theme is presented in Table 1 , with the percentage of students who mentioned it, along with representative quotes from individual students.
Student Self-Assessment of Confidence, Skill, and Knowledge as a Researcher
Confidence, skill, and knowledge all significantly increased among students' self-ratings (p Ͻ 0.001; Figure 4 ). The largest gains were seen in student knowledge at 22%, followed by skills (13%), and confidence (10%). When questions in each category (confidence, skills, and knowledge) were examined individually, significant gains also were found. Within the confidence category, all but two areas of confidence were self-rated as significant gains among students (p Ͻ 0.01; Figure 5 ). The largest gains in confidence included writing a basic science proposal; identifying scientific misconduct; and interacting with their peers, with only one confidence gain rated below the "high" level. When gains in skill were assessed, all but two showed significant increases among students after completing the first semester of this course (p Ͻ 0.01; Figure 6 ). The largest gains in skill were general research skill and those related to their research project. Students' ability to work collaboratively and present scientific information did not change after the first semester of the course. Finally, significant gains were likewise reported by students relative to all five questions pertaining to their knowledge (p Ͻ 0.01; Figure 7) . Knowledge of what graduate school was like and knowledge related to the careers of science faculty showed the largest gains, although on average, all gains in knowledge jumped one rating level within the 5-point scale by the end of the first semester.
Given that the benefits of undergraduate research are well established (Seymour et al., 2004; Lopatto, 2007; Russell et al., 2007) , the gains in confidence, skills, and knowledge reported by our students supported our assumption that most students would benefit from conducting undergraduate research and thus could be unrelated to participation in the Entering Research course. Therefore, we also tested whether the course had an impact beyond the research experience by examining a comparison group of students who participated in a semester-long independent research experience as part of a sophomore level introductory biology course. The ma- Course outlines for both semesters are presented for reference. The beginning undergraduate research experience was investigated, so only data from semester I are reported in this paper. Instructional materials for both semesters are available in the Entering Research facilitator's manual (Branchaw et al., 2010) .
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Within the confidence category, students in the Entering Research course were significantly more confident in their ability to identify scientific misconduct (p Ͻ 0.01). In addition, students in the Entering Research course also reported significantly higher confidence in their ability to make connections between their research experience and their biology or physical sciences classroom experiences, in contrast with students engaged in undergraduate research as part of the introductory biology course (p Ͻ 0.01). Within the skills category, there were three areas of significant difference between the two groups: developing a research project, conducting a research project, and analyzing data (p Ͻ 0.05). The two knowledge questions that show significant differences between the two groups are those focused on what graduate school is like and the career paths of science faculty; the Entering Research students self-assessments were significantly greater than those of the introductory biology students in both these areas (p Ͻ 0.01).
Facilitator Evaluation of the Entering Research Course
Although the purpose of partnering with faculty and staff from across disciplines was to ensure integration of the course into a variety of academic settings, we learned through follow-up evaluations submitted by 14 of the 15 course facilitators that their participation in the course also served as a professional development opportunity. All respondent facilitators said they would facilitate the course again and that they would recommend this opportunity to a colleague. One facilitator noted the following: "I enjoyed helping develop the course and the instructional team; I particularly like sharing ideas and processing our experience with the team on a weekly basis [at instructor meetings]. In addition, I liked being able to discuss issues and goals/expectations for research with this small group of undergrads. It was particularly rewarding to coach students when they were first trying to get into a lab. It was very clear that two of them would have given up and not pursued a lab position if it were not for (this course). Both are now continuing on this semester in the same lab and enjoying their experience. That in itself is SUCCESS!!."
The facilitators also found the course materials valuable (Branchaw et al., 2010) . Seventy-one percent identified the case studies and readings as valuable. Seventy-eight percent found the assignments of great value. Finally, 93% indicated that the in-class discussions were valuable. When asked how facilitating the first semester of the Entering Research course impacted their own mentoring philosophy, participants responded with answers such as the following: "I had not thought about how [undergraduates] approach faculty for a position in a lab. Much of their frustration about not getting into labs is due to poor application strategies. This is something I now try to pass on to the students I advise. I had not realized they needed so much advice and help in this area before facilitating this class."
DISCUSSION AND IMPLICATIONS
Here, we describe the development, implementation, and study of a new course, Entering Research, aimed at helping undergraduates better navigate the challenges of beginning research. We demonstrate that student participants find value in Entering Research and report that the course helps them in many ways including finding a mentor, understanding their place in a research community, and connecting their research to their course work in the biological and physical sciences. We demonstrate that students who participate in mentored research have significant gains in their skills, knowledge, and confidence. As noted, such self-reported gains were expected by virtue of the independent research experience. Therefore, we compared their gains to a similar group of introductory biology students who participated in a semester-long independent research experience, but who were not enrolled in the course, to determine whether the gains could be attributed to the course. We found that eight of the self-assessments in a postsurvey were rated significantly higher by the Entering Research students, compared with the comparison group of students (Figure 8 ).
Benefits of the Entering Research Course
Within the knowledge category, students in the first semester of the Entering Research course reported higher confidence, compared with the introductory biology students, in making connections between their research experience and their biology or physical sciences classroom experiences. These data are aligned with qualitative research that identified increases in the relevance of course work (Hunter et al., 2007) as well as increased satisfaction in drawing connections between the classroom and laboratory research as selfreported benefits of the undergraduate research experience (Baum et al., 2006) . Although students in the introductory biology course also engaged in undergraduate research, the informal discussion-based format of the Entering Research course may explain this difference between groups. In the Entering Research course, students frequently discussed courses they had in common, and the facilitators commented on how those courses related to their students' research projects. These discussions helped establish a community that transcended the students' individual research projects and built broader connections across disciplinary boundaries. Moreover, these informal discussions were coupled with formal discussions of their research projects, further reinforcing shared meaning between classroom learning and research lab learning within a community of practice (Bockarie, 2002) . Collectively, these enhanced connections may explain why undergraduate research students who do not participate in a supporting course (e.g., Entering Research) valued their research experience over their course work (Ward et al., 2005) , and reported disconnection between their classroom and research learning experiences (Gafney, 2005) . Thus, the gains in connectivity between research learning and classroom learning reported here suggest a valuable consequence of including courses such as the Entering Research course into undergraduate research programs, because it provides the opportunity to discuss research in small, safe, and facilitated peer groups. Students enrolled in the Entering Research course reported higher skill levels in developing a research project, conducting a research project, and analyzing data relative to students in the introductory biology course. Although these are certainly skills encouraged in both courses, we speculate that the higher gains reported by the Entering Research students may be attributed to frequent peer review and informal presentations of research progress required in this course. In addition, multiple opportunities for feedback, from idea to testable hypothesis generation to proposal construction, are also built into the Entering Research course. This finding concurs with other studies examining the benefits of structured undergraduate research programs (Baum et al., 2006) . In particular, it aligns with previous work showing that alumni who engaged in research as part of an organized program (e.g., presented ongoing work, wrote research proposals, and made oral presentations) reported a significantly higher ability to carry out research than alumni who participated in research on their own, outside the context of a structured undergraduate research program (Bauer and Bennett, 2003) . This supports our hypothesis, that programs or courses such as Entering Research can augment the undergraduate research experience and enhance skills and abilities.
Two knowledge questions showed significant differences between the Entering Research course participants and introductory biology students, i.e., what graduate school is like and the career paths of science faculty. We attribute these results to the contact and guided conversations (assignments) that the Entering Research students had with their faculty and staff facilitators, all of whom were current or formerly active researchers with doctorate degrees. In addition, one of the early assignments required students to interview their research mentor and write a biography in an effort to build a stronger mentor-mentee relationship. We propose that the Entering Research assignments like this, which ensured frequent contact between students and research mentors, enhanced the students' ability to understand the careers of graduate students and faculty, and will probably impact their decision to pursue a research career. Although it is too early to assess the impact of the Entering Research course on student career decisions, planned longitudinal studies will enhance our understanding of the long-term impact of enhancing the undergraduate research experience.
Undergraduate Research Experience at a Large Research University
As mentioned, the benefits of undergraduate research experiences are many and have been widely documented across many institutions of higher learning, as many as 41 in one particular study (Lapatto, 2004) . These educational gains extend across gender and ethnicity and include increases in research skills and preparation for postgraduate education (Kardash, 2000; Hathaway et al., 2002; Bauer and Bennett, 2003; Seymour et al., 2004; Hunter et al., 2007; Lopatto, 2007; Russell et al., 2007) . The results of this study add to this body of research, as we show a supplemental course that supports the undergraduate research experience further increased gains in skills, confidence, and knowledge. Moreover, previous studies largely focused on upperclassmen or alumni who participated in summer research at a range of institutions, many of which were liberal arts colleges. In contrast, the study described here is novel in its strategic focus on early career students engaged in academic year-long research at a research extensive university.
Although improving, a significant challenge remains for early undergraduate students at large, research extensive institutions in finding a research mentor and getting established in a research lab (Baum et al., 2006) , which the first semester of the Entering Research course was designed to support. Importantly, almost a third of the students enrolled in the Entering Research course indicated that they would not have pursued independent research without the support of the course. This result is particularly relevant as institutions attempt to find ways to increase and retain students interested in science careers. Indeed, many studies have shown mentored research experience as essential to the recruitment and retention of students in science (Nagda et al., 1998; Hathaway et al., 2002; Baum et al., 2006) , especially underrepresented minorities and women who may not have the confidence or experience to navigate the system. For example, a recent study examining the effects of a supplemental support program for women in the STEM disciplines found similar results to the results reported here (Kahveci et al., 2006) . Specifically, the attitudes, performance, and retention of undergraduate women participating in the support and mentoring program were compared with similar students not enrolled in this additional program. Despite no significant difference between the groups in academic potential, views, and interest to pursue science, a greater number of (2006 -08) (n ϭ 64) and from students who did an independent research experience as part of introductory biology (n ϭ 144). Students were asked to report their confidence, skill, or knowledge as a researcher on a scale of 1 through 5 (1 ϭ None; 2 ϭ Not Very; 3 ϭ Moderate; 4 ϭ High; 5 ϭ Very High). A single asterisk indicates a significant difference at p Ͻ 0.05; a double asterisk indicates a significant difference at p Ͻ 0.01. All other areas of confidence, skills, and knowledge were not significantly different within our data set. women in the support program found research experiences and decided to remain in a STEM discipline after their first year in college. Thus, it seems that a support structure, such as the Entering Research course is critical to the success of undergraduates pursuing STEM disciplines and research activities that enhance their experience.
Mentor-Mentee Relationship
Although undergraduate research experiences can offer great benefits to all engaged, it is also true that they can be very time-consuming and resource intensive for the mentors. In addition, the large numbers of undergraduate students at public research universities like UW-Madison increases the difficulty to recruit sufficient numbers of faculty mentors (Wood, 2003; Desai et al., 2008) . The Entering Research course was developed with these challenges in mind. This course alleviates some of the responsibility of mentoring by supporting and empowering students to effectively work with their mentors, by leveraging the large numbers of prefaculty (graduate student and postdoctoral fellow) mentors available at these types of institutions, and by aligning with an existing training program for undergraduate mentors (Pfund et al., 2006) .
Using graduate students and postdoctoral fellows as mentors of undergraduate research students can be a win-win situation if done properly. These mentors are often able to increase face-to-face time with undergraduate researchers, may be better able to relate to undergraduate students, and can benefit from the practice of mentoring (Dolan and Johnson, 2009 ). Moreover, these mentors can serve as liaisons between undergraduate research projects and principal investigators, because professors running large research programs often have limited time to spend with each student. Thus, to support these mentors, the first semester of the Entering Research course was intentionally aligned with the Wisconsin Mentoring Seminar, Entering Mentoring (Handelsman et al., 2005; Pfund et al., 2006) for graduate students, postdoctoral fellows, and faculty. Data show that strong mentor-mentee relationships are a cornerstone of successful undergraduate research experiences (Shellito et al., 2001; McGee and Keller, 2007) . Both the Entering Research and Entering Mentoring courses include activities that build these relationships and provide both peer groups with opportunities to discuss challenges that arise in these relationships. Because these programs work in concert to enhance the close working relationships between mentors and students as they pursue scientific research together, we propose that coupling these seminars will maximize the benefits of the experience for both mentors and students, and we are currently testing this hypothesis.
Value of Learning Communities to Undergraduate Research Experiences
In addition to helping students establish positive relationships with their mentors, the Entering Research course creates a learning community where beginning researchers can safely share their experiences and begin to identify themselves as members of the research community. This longstated goal of undergraduate research programs (Foertsch et al., 1997; Nagda et al., 1998) was met, because our results showed students rating this aspect of the course as very helpful. This sense of community is especially important for those who are new to the culture of research, such as firstgeneration college students, in large public universities such as the UW-Madison. As large public universities seek to improve their graduation rates (Bowen et al., 2009) , finding ways to help all students succeed is critical. Bauer and Bennett (2003) show that alumni who participated in undergraduate research rated their educational experience more highly than those who did not. They also rated their ability to: speak effectively, act as leaders, analyze literature critically, possess clear career goals and develop intellectual curiosity significantly higher than those without a research experience. If a goal of higher education is to instill a broad range of cognitive skills, as well as students' satisfaction with their educational experience, then providing support for students, especially those from underrepresented groups, to navigate their undergraduate research experience is critical.
Entering Research represents one approach to supporting and enhancing the undergraduate research experience. Future work is aimed at studying the impact of the second semester of the Entering Research course, which helps students complete their research, present their findings in a public venue, and write a minigrant proposing future work. Efforts are also being made to implement and evaluate the course at a variety of institutions and with diverse populations of students.
